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ABSTRACT
The detection of small planets orbiting nearby stars is an important step towards the identification of Earth
twins. In previous work using the Spitzer Space Telescope, we found evidence to support at least one sub-
Earth-sized exoplanet orbiting the nearby mid-M dwarf star GJ 436. As a follow up, here we used the Hubble
Space Telescope to investigate the existence of one of these candidate planets, UCF-1.01, by searching for
two transit signals as it passed in front of its host star. Interpretation of the data hinges critically on correctly
modeling and removing the WFC3 instrument systematics from the light curves. Building on previous HST
work, we demonstrate that WFC3 analyses need to explore the use of a quadratic function to fit a visit-long
time-dependent systematic. This is important for establishing absolute transit and eclipse depths in the white
light curves of all transiting systems. The work presented here exemplifies this point by putatively detecting
the primary transit of UCF-1.01 with the use of a linear trend. However, using a quadratic trend, we achieve
a better fit to the white light curves and a reduced transit depth that is inconsistent with previous Spitzer
measurements. Furthermore, quadratic trends with or without a transit model component produce comparable
fits to the available data. Using extant WFC3 transit light curves for GJ436b, we further validate the quadratic
model component by achieving photon-limited model fit residuals and consistent transit depths over multiple
epochs. We conclude that, when we fit for a quadratic trend, our new data contradict the prediction of a sub-
Earth-sized planet orbiting GJ 436 with the size, period, and ephemeris posited from the Spitzer data by a
margin of 3.1σ.
Subject headings: planetary systems — stars: individual: GJ 436 — techniques: spectroscopic
1. INTRODUCTION
The search for additional short-period planets in the GJ 436
system began shortly after the transit detection and confirmed
eccentric orbit of GJ 436b (Gillon et al. 2007; Deming et al.
2007). In 2008, Ribas et al. (2008) proposed a ∼5-M⊕ planet
on a 5.2-day orbit. However, the inferred planet was discred-
ited by orbital-dynamic calculations (Bean & Seifahrt 2008;
Demory et al. 2009) and the absence of transit timing vari-
ations (TTVs) from additional transit events (Alonso et al.
2008; Pont et al. 2009; Winn 2009).
NASA’s EPOXI mission observed GJ 436 nearly contin-
uously for 22 days. In analyzing these data, Ballard et al.
(2010b) ruled out transiting exoplanets >2.0 R⊕ outside GJ
436b’s 2.64-day orbit (out to a period of 8.5 days) and >1.5
R⊕ interior to GJ 436b, both with a confidence of 95%. Aided
by a ∼70-hour Spitzer observation of GJ 436 at 8.0 µm,
Ballard et al. (2010a) postulated the presence of a 0.75-R⊕
planet with a period of 2.1076 days. However, they did not
detect the predicted transit in an 18-hour follow-up observa-
tion with Spitzer at 4.5 µm. Ballard et al. (2010a) concluded
that the candidate transit signals in the EPOXI and Spitzer
data were the result of correlated noise.
In Stevenson et al. (2012), we reported on evidence for
two sub-Earth-sized planet candidates (UCF-1.01 and UCF-
1.02) in the GJ 436 system using the Spitzer Space Tele-
scope. Two fortuitous detections of UCF-1.01 appeared
during secondary-eclipse observations of GJ 436b, meant
to better constrain the latter’s atmospheric composition
(Stevenson et al. 2010). Using these data and a tentative de-
tection at 8.0 µm to estimate its orbital period, we extrapo-
lated UCF-1.01 transit times forward by six months and cor-
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rectly predicted an event during the next observing window.
With these four 4.5-µm Spitzer measurements, we constrained
the orbital period of UCF-1.01 to be 1.365862 ± 0.000008
days and the transit depth to be 190 ± 25 ppm. This corre-
sponds to a radius of 0.66 ± 0.04 R⊕. High-precision follow-
up observations of such a small target are currently only pos-
sible with HST.
In addition to the planet hypothesis, we examined other
sources that could mimic the observed periodic decrease in
flux. GJ 436’s large proper motion (across the sky) enabled us
to eliminate astrophysical false positives such as an eclipsing-
binary star system with a confidence of > 5σ. We also consid-
ered the hypothesis that the observed variations are the result
of instrumental or stellar instabilities, but concluded that the
single-planet hypothesis is 72 times more likely.
In Section 2, we discuss the acquisition and reduction of
new Hubble Space Telescope (HST) data intended to investi-
gate the presence of a sub-Earth-sized exoplanet in the GJ 436
system. We also describe our light-curve model fits and
present additional evidence for a non-linear baseline system-
atic (Stevenson et al. 2014b). In Section 3, we discuss our
results and place limits on the size of a detectable planet.
2. OBSERVATIONS AND DATA ANALYSIS
2.1. Planning
Prior to scheduling the HST observations, we explored the
effects of transit timing variations (TTVs) for UCF-1.01 due
to gravitational interactions with its Neptune-sized planetary
companion GJ 436b. We considered four possible scenarios
that included/excluded the 8.0 µm tentative detection of UCF-
1.01 and used the early/late transit time from the bimodal dis-
tribution in the 18-hour 4.5 µm observation (Stevenson et al.
2012). Our Markov-chain Monte Carlo (MCMC) simulation
2 Stevenson et al.
also used eight published (Knutson et al. 2011) and two un-
published (J. Winn, M. Holman, private communication) tran-
sit times for GJ 436b. Within our HST observing window, we
found that three of the four scenarios predict transit times that
are self-consistent to within two minutes, while the fourth sce-
nario deviates by up to seven minutes. In comparison, propa-
gating the uncertainty in our best-fit orbital period forward by
2.5 years results in a transit time uncertainty of ±8 minutes.
Both values are smaller than the ∼20 minute HST observa-
tion start window; therefore, we concluded that we can safely
schedule the observations without undue risk of missing the
transit during Earth occultation.
All of the scenarios predict TTVs with an amplitude of 6.5
minutes (13 minutes peak-to-peak) and a period of 41.1 days.
The TTV simulations also provide a more likely estimate of
UCF-1.01’s average orbital period (1.36588145 days). We
adopted this value when scheduling our observations.
2.2. Observations and Reduction
In seeking to detect the primary transit of UCF-1.01, HST
observed the GJ 436 system on two occasions (2013 Decem-
ber 17 and 2014 February 14) using the Wide Field Camera 3
(WFC3) instrument with its G141 grism and 256×256 subar-
ray mode (GO Program 13338, PI: Kevin Stevenson). Each
visit consisted of four HST orbits, with the predicted tran-
sit time occurring during the third orbit. We employed the
spatial-scan mode perpendicular to the dispersion direction at
a rate of 1.2′′s-1 (150 pixels in height) that alternated between
the forward and reverse directions. Dispersing light from the
H = 6.3 magnitude star in both the dispersion and spatial di-
rections allowed us to collect a large number of photons with-
out saturating the detector and, thus, achieve the necessary
precision to detect a transiting sub-Earth-sized exoplanet. The
median peak pixel fluence over all frames was 31,600 elec-
trons, which is well below the suggested maximum of 40,000
electrons. To maximize observing efficiency, we forced a
buffer dump at the end of each HST orbit. Using “up-the-
ramp” sampling, each 15 second exposure encompassed three
non-destructive reads. In total, we acquired 176 spectra per
visit.
Using the reduction, extraction, and calibration steps
described by Stevenson et al. (2014b), we generate band-
integrated (white) light curves spanning 1.125 – 1.65 µm.
We determine that the scan direction is well aligned with the
pixel columns; therefore, for the purpose of generating white
light curves, we elect not to correct for the spectrum tilt.
We find an optimal extraction box height of 160 pixels per
non-destructive read, as defined by the lowest standard devi-
ation of the normalized residuals (SDNR). For these data, the
photon-limited precision is 67 ppm per point and 10 ppm per
HST orbit. The latter number implies that for an H = 6.3 mag-
nitude object, we can achieve a white light curve precision
of 10 ppm on the transit or eclipse depth of a planet whose
duration spans at least 50 minutes.
2.3. Light-Curve Systematics and Fits
For all transiting exoplanet analyses, it is important to ac-
curately model the systematics when fitting the white light
curves. This is because a white light curve model determines
the absolute transit or eclipse depth, which helps to establish
the presence of scattering or determine an accurate bright-
ness temperature, respectively. HST/WFC3 light curves ex-
hibit several well-characterized systematics, including batch-,
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FIG. 1.— HST/WFC3 white light curves of GJ 436. Blue circles depict the
2013 Dec 17 dataset and red squares depict the 2014 Feb 14 dataset. Typical
per point uncertainties are the size of the symbols (67 ppm). For comparison,
we include sample models (black curves) that fit orbits 2 – 4 and exclude the
first point from each orbit. The forward and reverse scan directions produce
the observed 1% flux offset within each dataset.
orbit-, and visit-long effects, that can sometimes be larger than
the differential signals we are trying to detect. Here we sum-
marize previous work relating to these systematics and dis-
cuss how me mitigate their effects on our search for a transit
signal in the band-integrated data.
Using observations of GJ 1214 acquired in WFC3’s stare
mode, Berta et al. (2012) report “ramp”-like features within
each batch of exposures between buffer downloads. They
link the strength of this systematic to the illumination that
each pixel receives, showing that fluence levels as low as
30,000 to 40,000 electrons are correlated with exposure num-
ber within each batch. The WASP-12 light curves first pre-
sented by Swain et al. (2012) corroborate these findings as
they achieve a maximum fluence of <40,000 electrons and do
not exhibit measurable ramp-like features within each batch.
Similarly, after examining eight WFC3 light curves in stare
mode, Wilkins et al. (2014) suggest that a dependence be-
comes apparent at a fluence level of about 30,000 electrons.
With the aim of eliminating the effects of this systematic, we
acquired our data using WFC3’s spatial scan mode and lim-
ited our peak pixel fluence to <32,000 electrons.
Despite using WFC3’s spatial scan mode and achieving
peak pixel counts near 23,000, Kreidberg et al. (2014) detect a
systematic similar in shape to the ramp-like feature discussed
above. However, this systematic typically exhibits a shallower
curve, taking up to 45 minutes to reach its steady state, and
repeats every HST orbit. The magnitude of the ramp is most
significant during an observation’s first orbit, but appears re-
peatable over all remaining orbits within the visit. Both this
ramp and the effect observed by Berta et al. (2012) in the stare
mode data are likely related to the same physical process that
gives rise to detector persistence. This process is suspected to
fill charge traps caused by impurities in the HgCdTe photodi-
odes in the WFC3 IR detector (Long et al. 2012).
We see the same ramp systematic in our data (Figure 1)
as observed by Kreidberg et al. (2014), so we fit orbits 2 – 4
using a rising exponential plus linear function of the form:
Γ(φ) = 1 − e−r0φ+r1 + r2φ, (1)
where r0 – r2 are free parameters and the orbital phase of HST
is φ = (∆t + 0.02) modulo HST’s orbital period of 95.7 min-
utes (∆t is the time in days since the visit’s first exposure).
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This model component has common parameter values to all
modeled HST orbits within a visit. In addition to not using
the first orbit, we do not model the first measurement within
each orbit because these points are systematically low relative
to the best-fit models.
Along with an exponential ramp dependence, many teams
report visit-long trends in the light curves (e.g., Berta et al.
2012; Swain et al. 2012; Sing et al. 2013; Knutson et al.
2014; Stevenson et al. 2014a). Most groups only explore lin-
ear functions similar in form to:
R(t) = 1 + r3(t − t0); (2)
however, in previous publications (Stevenson et al. 2014b,c)
we report achieving better fits using quadratic functions of
the form:
R(t) = 1 + r3(t − t0) + r4(t − t0)2. (3)
In both cases, t − t0 is the time relative to the expected transit
midpoint and r3 and r4 are free parameters. The full light
curve model takes the form:
F(t,φ) = FST (t)Γ(φ)R(t), (4)
where F(t,φ) is the measured flux at time t and HST orbital
phase φ; Fs is the scan-direction-dependent system flux out-
side of transit (see Figure 1); and T (t) is the primary transit
model component using the uniform-source equations from
Mandel & Agol (2002) (i.e., no limb darkening). Γ(φ) and
R(t) are the systematic model components defined by Equa-
tions 1 – 3.
We perform a joint, simultaneous fit of both WFC3 obser-
vations and share common transit-model parameter values.
Since we cannot observe the entire transit within a single HST
orbit, the semi-major axis and inclination are unconstrained;
therefore, we fix these parameters to their published values
(a/R⋆ = 9.10, i = 85.17◦, Stevenson et al. 2012). We esti-
mate uncertainties using differential-evolution Markov-Chain
Monte Carlo (DE-MCMC, ter Braak 2006; ter Braak & Vrugt
2008) and generate plots of RMS versus bin size to assess the
significance of time-correlated noise in the data (Pont et al.
2006; Winn et al. 2008). We determine the noise to be white;
therefore, there is no need to inflate uncertainty estimates.
3. RESULTS AND DISCUSSION
3.1. Search for UCF-1.01
In this section, we explore various model fits to the white
light curves to determine the probability that we detect a sub-
Earth-sized exoplanet at or near the predicted transit time.
When fitting orbits 2 – 4 from each visit, we test visit-long
linear and quadratic trends, each with and without a transit
model. In the case of a transit model with a quadratic trend,
we apply a common r4 value to both datasets because the indi-
vidual values are statistically equivalent and the Bayesian In-
formation Criterion (BIC) value favors a shared value. From
the results in Figure 2 and Tables 1 and 2, we make several
remarks.
First, using a linear function, we detect a transit signal with
a shared midpoint that is 6.1 ± 3.1 minutes later than pre-
dicted assuming no TTVs. The various TTV solutions de-
scribed in Section 2.1 predict transit midpoints 6 – 13 min-
utes earlier than the measured time; however, the uncertainty
on these solutions is ±8 minutes. We find a best-fit radius
ratio that is 2.0σ below the value reported by Stevenson et al.
(2012, Rp/R⋆ = 0.0138 ± 0.0009). The significance of this de-
tection hinges on the decrease in flux at the end of the third
TABLE 1
VISIT-LONG MODEL COMPARISON FROM THIS PROGRAM
Panela Model Rp/R⋆ SDNRb ∆BIC
(ppm)
a Linear 0.0117 ± 0.0005 93.6, 86.3 62.6
b Linear – 109.7, 96.9 201.3
c Quadratic 0.0069 ± 0.0020 87.3, 78.9 0.0
d Quadratic – 86.7, 81.0 1.2
aLetters coincide with panels in Figure 2.
bSDNR values are listed in order of 2013 Dec 17 then 2014 Feb 14.
orbit of the 2014 Feb 14 visit (see Figure 2). Despite the fact
that the third orbit of the first visit is significantly lower than
the linear trend, these data do not offer any additional evi-
dence of a transit detection. This is because the third orbit
could either rest entirely within the transit (no ingress/egress)
or the linear trend could be insufficient in modeling the visit-
long systematic.
Second, regardless of the presence of a transiting planet,
a visit-long quadratic trend provides a better fit (>1013 times
more probable) than a linear trend to the available data. This
point is important because analyses that do not consider a
quadratic trend when fitting the visit-long systematic may be
reporting incorrect absolute transit and/or eclipse depths. As
discussed in Section 3.3, this may also explain reported in-
consistencies in the measured white light curve depths over
repeated visits.
Third, a transit detection from a sub-Earth-sized exoplanet
is indeterminate with a quadratic trend. The difference in BIC
values for scenarios with and without a transit model compo-
nent is 1.2 (see Table 1). Additionally, the favored radius ratio
with a quadratic trend is 0.0069 ± 0.0020, which is inconsis-
tent with previous findings by 3.1σ (Stevenson et al. 2012).
3.2. Injecting and Recovering a Fake Transit Signal
To test our ability to recover the expected transit signal
within the WFC3 data, we inject a fake transit signal into our
white light curves using the predicted transit depth and mid-
point for UCF-1.01. Fitting the visit-long systematic with a
quadratic trend, we run our DE-MCMC routine and recover
the injected signal (see Figure 3). Relative to the injected val-
ues, the measured transit midpoint is 6 seconds (0.4σ) later
and the measured transit depth (222± 15 ppm) is 2.1σ deeper.
In the case of the injected transit, we find that a fit that in-
cludes a transit model component is ∼1041 times more proba-
ble than a fit without a transit model component. We conclude
that the WFC3 data are sensitive to transits from a sub-Earth-
sized exoplanet in the GJ 436 system.
3.3. Reanalysis of Previously-Published WFC3 data
To determine the necessity of using a quadratic function to
model visit-long, time-dependent systematics in other WFC3
datasets, we reanalyze four additional observations of GJ 436
using the G141 grism (GO Program 11622, PI: Heather Knut-
son). HST acquired these data using only the forward scan
direction at a rate of 0.99′′s-1. This produced a typical peak
pixel value of 38,000 electrons. Knutson et al. (2014) provide
additional details of the observations, which acquired transits
of GJ 436b. We use the same reduction and white light-curve
fitting routines as those described in Section 2. We apply a
90 pixel long extraction box and perform background sub-
traction using the median value of each column. In our joint
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TABLE 2
SYSTEMATIC MODEL PARAMETERS FROM THIS PROGRAM
Label Panela r0 r1 r2 r3 r4
2013 Dec 17 a 240 ± 30 -2.1 ± 0.5 -0.015 ± 0.005 -0.01040 ± 0.00016 –
2013 Dec 17 b 220 ± 30 -2.5 ± 0.5 -0.016 ± 0.005 -0.01040 ± 0.00014 –
2013 Dec 17 c 220 ± 20 -2.4 ± 0.4 -0.017 ± 0.004 -0.01060 ± 0.00015 0.040 ± 0.006
2013 Dec 17 d 210 ± 20 -2.5 ± 0.4 -0.017 ± 0.004 -0.01068 ± 0.00015 0.055 ± 0.005
2014 Feb 14 a 360 ± 50 -0.1 ± 0.9 0.007 ± 0.003 -0.00942 ± 0.00015 –
2014 Feb 14 b 330 ± 40 -0.4 ± 0.7 0.001 ± 0.002 -0.00943 ± 0.00015 –
2014 Feb 14 c 340 ± 40 -0.3 ± 0.7 0.003 ± 0.003 -0.00859 ± 0.00018 0.040 ± 0.006
2014 Feb 14 d 330 ± 40 -0.5 ± 0.7 0.001 ± 0.003 -0.00851 ± 0.00018 0.043 ± 0.005
aLetters coincide with panels in Figure 2.
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FIG. 2.— Binned HST/WFC3 white light curves of GJ 436 using four different model fits. The systematics-removed data (blue circles and red squares) are
normalized to the system flux, binned for clarity, and use 1σ uncertainties. Panels a and b depict best fits using a linear trend; panels c and d use a quadratic trend.
Panels a and c include a transit model; panels b and d do not. The black solid line represents the best fit for each model combination. This can be compared
to the predicted transit signal (green dashed line) based on parameters derived from the Spitzer observations. The bottom two panels achieve comparable BIC
values (see Table 1) and are more likely solutions than the top two panels.
fit, we share common a/R⋆, cos i, and linear limb darkening
parameter values.
We test both linear and quadratic functions when fitting or-
bits 2 – 4 of the white light curves and display the results
in Table 3 and Figure 4. Using a linear trend, we find that
the models do not achieve a good fit to the available data
(χ2ν = 1.29 – 2.14, similar to Knutson et al. (2014)) and the
planet-to-star radius ratios (Rp/R⋆) are inconsistent by up to
4.6σ. Although our radius ratios are systematically higher
than those of Knutson et al. (2014), they have similar relative
values. This offset may be the result of finding different best-
fit a/R⋆ and i values. For comparison, Knutson et al. (2014)
fit orbits 2 – 4 using a linear function to model the visit-long
systematic and the same exponential plus linear function to
model the orbit-long systematic.
Using a quadratic trend, we achieve a typical χ2ν value of
1.06 and a smaller BIC value compared to the linear trend
(∆BIC = 209.3). Furthermore, the measured radius ratios are
mutually consistent at the 1σ level. Using a common Rp/R⋆
for all four transits, we list best-fit parameters in Table 4. We
conclude that a quadratic function is the appropriate choice
for these white light curves when modeling visit-long, time-
dependent systematics. Looking at the range of best-fit values
for r3 and r4, we see that they are fairly consistent between
datasets but not currently predictable for future analyses.
In addition to the white light curve reanalysis of GJ
436b, we repeated the spectroscopic analysis performed by
Knutson et al. (2014). We also find the planet’s transmission
spectrum to be featureless and inconsistent with a cloud-free,
hydrogen-dominated atmosphere. Additionally, when we fix
the remaining transit and limb-darkening parameters to their
best-fit values, we compute comparable transit depth uncer-
tainties to those reported by Knutson et al. (2014).
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FIG. 3.— HST/WFC3 white light curves of GJ 436 with an injected transit
signal. Using the predicted transit depth and midpoint for UCF-1.01, we
inject a fake transit signal into the 2013 Dec 17 (blue circles) and 2014 Feb
14 (red squares) datasets. The data points display 1σ uncertainties and are
offset vertically for clarity. The best-fit models (black curves) recover the
injected signal at the correct transit midpoint and depth.
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FIG. 4.— Comparison of measured GJ 436b planet-to-star radius ratios.
Using a linear trend, we achieve inconsistent Rp/R⋆ values over the four vis-
its. A quadratic trend achieves a better fit and produces consistent Rp/R⋆ val-
ues. For comparison, we also include the results published by Knutson et al.
(2014). They used a linear trend to fit the visit-long systematic.
TABLE 3
VISIT-LONG MODEL COMPARISON FROM PROGRAM 11622
Obs. Date Model Rp/R⋆a SDNR χ2ν
(ppm)
2012 Oct 26 Linear 0.0850 ± 0.0002 87.2 1.86
2012 Nov 29 Linear 0.0855 ± 0.0002 91.8 1.99
2012 Dec 10 Linear 0.0853 ± 0.0002 95.4 2.14
2013 Jan 02 Linear 0.0842 ± 0.0002 74.1 1.29
2012 Oct 26 Quadratic 0.0830 ± 0.0003 61.7 0.94
2012 Nov 29 Quadratic 0.0831 ± 0.0003 68.3 1.12
2012 Dec 10 Quadratic 0.0832 ± 0.0003 65.9 1.03
2013 Jan 02 Quadratic 0.0830 ± 0.0004 70.2 1.17
aDue to correlations between the quadratic term and Rp/R⋆, the latter’s un-
certainties are larger than when using models with only a linear model com-
ponent. Nonetheless, the values from our quadratic fit are likely to be more
accurate.
4. CONCLUSIONS
The search for and confirmation of additional short-period
transiting planets in the GJ 436 system remains an ongoing
TABLE 4
BEST-FIT GJ 436B TRANSIT AND SYSTEMATIC MODEL PARAMETERS
Parameter Value
Rp/R⋆ 0.0831 ± 0.0002
a/R⋆ 13.89 ± 0.08
i [◦] 86.51 ± 0.03
Transit Times [MJD]a 6226.69124 ± 0.00005
6261.06186 ± 0.00005
6271.63755 ± 0.00005
6295.43258 ± 0.00004
r0 230 ± 30
220 ± 40
270 ± 40
170 ± 30
r1 -2.5 ± 0.7
-2.6 ± 0.7
-1.8 ± 0.8
-3.7 ± 0.5
r2 -0.013 ± 0.002
-0.011 ± 0.002
-0.007 ± 0.002
-0.012 ± 0.003
r3 -0.00870 ± 0.00015
-0.00982 ± 0.00016
-0.00846 ± 0.00014
-0.00813 ± 0.00019
r4 0.065 ± 0.005
0.076 ± 0.005
0.072 ± 0.005
0.046 ± 0.007
aMJD = BJDTDB - 2,450,000.
process. Using the WFC3 instrument on board the Hubble
Space Telescope, we were unable to definitively detect tran-
sits of the sub-Earth-sized candidate planet UCF-1.01 using
the published period and ephemeris. Some of the uncertainty
in detecting UCF-1.01 revolves around how one models the
visit-long time-dependent systematics. Using a linear trend,
we measure a transit signal at the predicted time and with
a depth consistent with previous measurements. However,
the transit depth diminishes significantly with the use of a
quadratic trend. Using the BIC to compare the quality of our
model fits, we find that a visit-long quadratic trend provides
a better fit to the available data and, when using a quadratic
trend, the fits are impartial to our use of a transit model (∆BIC
= 1.2). The best-fit model favors a transit depth that is incon-
sistent with the hypothesized value by 3.1σ. Our study of
WFC3 systematics has a direct bearing on future attempts to
derive accurate absolute transit and eclipse depths.
We have used today’s best instruments to follow the trail
– the extrapolated ephemeris – of this candidate planet, but
the case has gone cold. UCF-1.01 may simply not be a real
planet. But if it is, there are several reasons why we were
unable to definitively detect a transit. The planet may be
smaller than originally thought (see Figure 2, panel c), transits
may have occurred during HST’s occultation of Earth (due
to unmodeled gravitational interactions with unconfirmed
additional planets, such as UCF-1.02), or its orbit may have
precessed to the point where the planet no longer transits
GJ 436 from our point of view. If a sub-Earth-sized world
orbiting GJ 436 is ever to be confirmed, it will likely have to
be rediscovered from long-baseline monitoring of the system.
The next best opportunity to make such an observation rests
with the TESS mission (Ricker 2014).
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